A simple procedure is described for synthesis of oligonucleotides by phosphite chemistry. Chains can be constructed rapidly with minimal equipment (a syringe and reagent bottles). The method is illustrated by synthesis of d-TGCAGGTT. Pertinent supporting data on the effect of variations in the detritylation, condensation, oxidation, capping and cleavage steps in the synthetic approach and in isolation procedures are also presented.
INTRODUCTION
Adaptation of phosphite-triester chemistry^ to solid phase syntheses conducted on silica gel has led to rapid procedures for the machine synthesis of defined oligonucleotides. 2 
>3
Although highly attractive for use in laboratories where extensive synthetic work is done, the machines suffer the disadvantage of being expensive to buy or troublesome to construct. We describe herein a modification which permits one to conduct the repetitive synthetic steps rapidly with minimal equipment.
In principle, the operator sets up a series of small capped jars, each of which contains one of the solvents or reagents required in the synthesis. The silica support bearing a covalently attached nucleoside is placed in a syringe equipped with a filter at the base.* Synthesis is carried out by successively drawing solutions in and expelling them from the syringe.
The cycle is repeated for each nucleotide unit added to the chain; so the only operation required throughout the building step involves manipulation of the syringe. At the end of the cycles, the oligonucleotide is deprotected, removed from the silica, and isolated by previously described procedures. 2>3
Using this technique we examined a number of variables in the synthetic sequence. A simple procedure was developed which enables one to add specified nucleotide units to a growing chain rapidly. This procedure and the supporting study of reaction variables are reported in the RESULTS section.
METHODS AND MATERIALS
Equipment. Reagents were stored in Hypo-Vials (30 mL, Pierce Chem.
Co.) closed with Hycar Septa. When samples were removed or added, pressure was equilized under nitrogen or by insertion of a small disposable syringe filled with a drying agent (Drierite). The reaction vessel was a glass syringe (-2 mL) fitted with a Luer lock and needle and with a filter, which was cut from porous polypropylene (~2 mm thick) and forced to the base of the barrel. Nucleoside Phosphorochloridite Reagents. The active nucleoside derivatives were prepared in an argon atmosphere in vials (10 mL) equipped with a magnetic stirring bar and closed by a septum. Reagents were added by syringe. Typically, the protected nucleoside (1 mmol) in THF (1 mL) was added dropwise over a 10 min period to a well stirred solution of CH 3 OPC1 2 (1 mmol) in pyridine (0.4 mL) and THF (2 mL) at -78"C. After 5 min the mixture was warmed to room temperature (10 min) and centrifuged.
The supernatant was transferred via syringe to a closed, well dried vial (40 mL) containing pyridine (2 mL); the precipitate was washed with THF (2 mL), and after centrifugation the supernatant was added to the vial containing the pyridine. The solvent was then stripped off under vacuum, leaving a foamy solid (the active nucleoside phosphorochloridite reagent).
This material was taken up in pyridine (10 mL) for direct use in synthesis or storage at -70°C. These activated derivatives are stable for at least a month at -70°C. Table 1 .
The total time required for each cycle is about 13 min. In step 5, we found it convenient to rotate the syringe slowly mechanically during the 6 min reaction period, although manual rotation or shaking is adequate. For estimation of the coupling yields in the course of the synthesis, the absorbance at 500 nm (\nax f°r tne dimethoxytrityl cation in this medium) was determined. The ratio of the absorbance for the ion obtained from a given cycle to the absorbance obtained in the previous cycle is a measure of the efficiency of the condensation. By this test the average coupling yield was 94% and the overall yield was 61%.
For isolation of the oligonucleotide, the silica derivative was Schaller and Khorana^ first noted that acidic conditions for removing dimethoxytrityl protecting groups can lead to extensive loss of N-benzoyladenine from deoxyadenosine derivatives. In recent years benzenesulfonic acid" and trichloroacetic acid^O i n chloroform have been widely used for this purpose even though some depurination is known to take place. The most selective reagent is zinc bromide; indeed, no depurination was observed in model studies conducted over a period of 24 hours. The sample (~40 mg) with nucleoside or nucleotide bound to silica was treated with the acidic reagent (1 mL, 60 min, room temperature), washed well with THF then ether, dried, and treated with NH4OH (50°C, 15 h). The solutions were lyophilized and the nucleotide taken up in H 2 0. The extent of depurination was calculated from observed absorbance values (A 2 gj for dA derivatives, A25 2 for dG), and extinction coefficients for dA, dT and benzamide, relative to the absorbance for products from the ZnBr 2 reactions, for which depurination is taken as zero. (In the symbols for the silicabound nucleotides £ refers to an internucleotide methyl phosphotriester group.)
is an effective reagent for the de-dimethoxytritylation step. With this reagent, cleavage of the dimethoxytrityl ethers is complete in less than three minutes. In this time period depurination of a terminal d-bzA is negligible. Furthermore, the internal d-bzA units, which are exposed to multiple acid treatments in the course of a synthesis, show good stability even over relatively long periods (about 3% degradation in 60 minutes).
For further information d-(DMTr)bzApTA^sTo2) and d-(DMTr)TpbzA'w^sT02)
were synthesized as described in Tables 1 and 2 ; then the samples were treated with the acidic reagents ( Figure 2 ) for 1 h and the nucleotidic materials were recovered by conventional treatment with CgH5SH/(C2H5)3N/ dioxane followed by NH4OH (15 h). Chromatographic profiles for the reaction products (d-Ap_T plus small amounts of degradation materials) obtained from d-(DMTr)bzApT'^v(Si02) are shown in Figure 2 . These experiments confirm the conclusions drawn from data in Table II Cleavage from the Silica Support. Two procedures have been described for cleaving oligomers from the silica support. One (I) involves initial treatment with thiophenol and triethylamine (to deprotect the phosphotriesters) followed by ammonium hydroxide (to sever the anchor link). 2 In the other (II) the silica product is treated directly with ammonium Standard conditions were used with variations indicated. The yield represents product recovered after chromatography on silica plates, relative to the initial thymidine unit bound to the solid support.
phase column, than d-(Tp)gT, it seems likely that it is a derivative of the heptanucleotide in which one of the internucleoside links is a phosphoramidate (-0P(0)(NH2)0-, formed by nucleophilic attack of NH3 on the phosphotriester) rather than a phosphodiester (-0P(0)(0~)0-). On isolation of the heptanucleotide by chromatography on silica gel, a 57% yield of d-(Tp)gT was obtained for the sample worked up by procedure I, but only 41% was recovered as d-(Tp)gT for that worked up by procedure II (Table IV) . A similar result was obtained for a synthetic sequence in which oxidation in each cycle was achieved with m-chloroperbenzoic acid/pyridine rather than iodine/water. It is therefore clear both from the chromatographic profiles and the yields of recovered product that the thiophenol step serves a useful purpose and should be included in the protocol.
